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DESCRIPTION 



Radio Reception System 



5 Technical Field 

The present invention relates to a radio reception system, and more 
specifically to a radio reception system in accordance with a communication 
method such as PDMA (Path Division Multiple Access), CDMA (Code 
Division Multiple Access) and the hke, which is capable of removing, from a 
10 received signal, an interfering signal component from other user. 

Background Art 

Recently, various methods of transmission channel allocation have 
been proposed to realize effective use of frequency, in mobile 
15 communication systems such as mobile telephones, of which some have 
been practically implemented. 

Fig. 22 shows an arrangement of channels in various communication 
systems including FDMA (Frequency Division Multiple Access), TDMA 
(Time Division Multiple Access) and PDMA. Referring to Fig. 22, FDMA, 
20 TDMA and PDMA wiU be briefly described. 

Fig. 22(a) represents channel arrangement of FDMA, in which 
analog signals of users 1 to 4 are subjected to frequency division and 
transmitted over radio waves of different frequencies f 1 to f4, and the 
signals of respective users 1 to 4 are separated by frequency filters. 
25 Fig. 22(b) represents a channel arrangement of TDMA, in which 

digitized signals of respective users are transmitted over the radio waves 
having different frequencies f 1 to f4 and time-divided time slot by time slot 
(time slot: a prescribed time period), and the signals of respective users 1 to 
8 are separated by the frequency filters and time-synchronization between 
30 a base station and mobile terminals of respective users. 

Recently, PDMA method has been proposed to improve efficiency of 
use of radio frequency, as mobile telephones have come to be widely used. 
In the PDMA method, one time slot of one firequency is spatially divided to 
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enable transmission of data of a plurality of users, as shown in Fig. 22(c). 
In the PDMA, signals of respective users are separated by the frequency 
filters, the time synchronization between the base station and the mobile 
terminals of respective users, and a signal extracting apparatus such as an 
5 adaptive array. 

Fig. 23 represents a reception system of a conventional PDMA base 
station. In this example, in order to identify users 1 and 2, four antennas 
3 to 6 are provided, outputs of respective antennas are applied to a 
frequency converting circuit 7, subjected to frequency conversion by 
10 corresponding local osciUation signal Lo, respectively, converted to digital 
signals by an A/D converter 8 and applied to a digital signal processor 
(DSP) 10. 

DSP 10 includes adaptive arrays 11, 12, a reception signal vector 
calculator 13, a memory 14, a correlation value calculator 15 and a channel 

15 allocating apparatus 16. Adaptive arrays 11 and 12 extract, from 

reception signals output from A/D converter 8, only those signals from a 
specific user. Each adaptive array extracts a user signal designated by 
channel allocating apparatus 16, which will be described later, in 
accordance with a weight vector calculating method such as a method 

20 utilizing a preamble included in a time slot or a method utilizing a nature 
that an envelop of a modxilation signal becomes constant, for example. 

Reception signal vector calculator 13 receives as inputs the reception 
signals from A/D converter 8 and output signals from adaptive arrays 11, 
12, calculates reception signal vectors corresponding to every user, and 

25 stores the results in memory 14. Channel allocating apparatus 16 

designates two users for the memory 14 and the correlation value calculator 
15. Correlation value calculator 15 calctdates, among the reception signal 
vectors stored in memory 14, correlation value between reception signal 
vectors of the designated two users. Channel allocating apparatus 16 

30 receives the calculated correlation value between the reception signal 

vectors of the two users. When the correlation value is not Isirger than a 
prescribed value, the two users are subjected to path division multiple 
connection to a time slot of the same time. 



Adaptive arrays 11 and 12 shown in Fig. 23 extract signals of 
corresponding users 1 and 2, respectively. When a user 3 transmits a 
signal from the same direction as user 1, in addition to users 1 and 2, it 
follows that the signals from users 1 and 3 are mixed and output from 
adaptive array 11. The conventional adaptive array 11, however, cannot 
separate the signals of users 1 and 3, and hence, it has been impossible to 
extract the signal of user 1 only. 

Therefore, an object of the present invention is to provide a radio 
reception system that can improve communication quality, by canceling 
unnecessary user signals using an interference canceller. 

Disclosure of the Invention 

The present invention provides a radio reception system capable of 
receiving signals from a plurality of users using a plurality of antennas, 
including: signal processing means for performing a prescribed signal 
processing on the signals received by the plurality of antennas; a plurality 
of first signal extracting means for extracting signal components 
corresponding to the plurality of users, respectively, based on a signal 
output from the signal processing means; a plurality of first estimating 
means for estimating parameter information related to relation between 
the signal components extracted by the first signal extracting means and 
the signal output from the signal processing means; a plurality of fijrst error 
determining means for determining whether the signal components 
corresponding to the plurahty of users extracted by the first signal 
extracting means include a demodulation error or not, respectively; and 
first operating means for subtracting, from the signal output from the 
signal processing means, the extracted signal component determined by the 
first error determining means not to include any demodulation error, in 
consideration of corresponding parameter information. 

Preferably, the radio reception system further includes a plurality of 
second signal extracting means for extracting, based on the signal output 
from the first operating means, signal components corresponding to users 
determined by the first error determining means to include a demodiilation 



error, respectively; a plurality of second estimatiag means for estimating 
parameter information related to relation between the signal components 
extracted by the second signal extracting means and the signal output from 
the first operating means; and a plurality of second error determining 
means for determining whether the signal components extracted by the 
second signal extracting means include a demodulation error or not, 
respectively. 

More preferably, the radio reception system further includes second 
operating means for subtracting, from the signal output from the signal 
processing means, the signal component extracted by the first and second 
signal extracting means determined by the first and second error 
determining means not to include any demodulation error, in consideration 
of corresponding parameter information. 

More preferably, the radio reception system further includes third 
operating means subtracting, from the signal output from the first 
operating means, the signal component extracted by the second signal 
extracting means determined by the second error determining means not to 
include any demodulation error, in consideration of corresponding 
parameter information. 

According to another aspect, the present invention provides a radio 
reception system capable of receiving signals from a plurality of users using 
a plurahty of antennas, including: signal processing means for performing 
a prescribed signal processing on the signals received by the plurality of 
antennas; a plurahty of first signal extracting means for extracting signal 
components corresponding to the plurahty of users, respectively, based on a 
signal output from the signal processing means; a plurahty of first 
estimating means for estimating parameter information related to relation 
between the signal components extracted by the first signal extracting 
means and the signal output from the signal processing means based on a 
correlation value between signal component of the corresponding user and 
signal component of another user; a plurahty of first error determination 
means for determining whether the signal components corresponding to the 
plurahty of users extracted by the first signal extracting means include a 



demodtilation error or not, respectively; and first operating means for 
subtracting, from the signal output from the signal processing means, the 
extracted signal component determined by the first error determining 
means not to include any demodulation error, in consideration of 
5 corresponding parameter information. 

Preferably, the radio reception system further includes a plurality of 
second signal extracting means for extracting, based on the signal output 
from the first operating means, signal components corresponding to users 
determined by the first error determining means to include a demodulation 

10 error, respectively; a plurahty of second estimating means for estimating 
parameter information related to relation between the signal components 
extracted by the second signal extracting means and the signal output from 
the first operating means based on a correlation value between signal 
component of the corresponding user and signal component of another user; 

15 and plurahty of second error determining means for determining whether 
the signal components extracted by the second signal extracting means 
include a demodulation error or not, respectively. 

More preferably, the radio reception system further includes second 
operating means for subtracting, from the signal output from the signal 

20 processing means, the signal component extracted by the first and second 
signal extracting means determined by the first and second error 
determining means not to include any demodulation error, in consideration 
of corresponding parameter information. 

More preferably, the radio reception system further includes third 

25 operating means subtracting, from the signal output from the first 

operating means, the signal component extracted by the second signal 
extracting means determined by the second error determining means not to 
include any demodulation error, in consideration of corresponding 
parameter information. 

30 More preferably, the plurahty of first estimating means estimate the 

parameter information by calculating the correlation value, independent 
from result of determination by the plurahty of first error determination 
means. 



-5- 



More preferably, the plurality of first estimating means estimate the 
parameter information by calculating the correlation value using signal 
components of the users determined not to include any demodulation error, 
based on the result of determination by the plurality of first error 
5 determining means. 

More preferably, the plurality of second estimating means estimate 
the parameter information by calculating the correlation value, 
independent from result of determination by the plurahty of second error 
determination means. 
10 More preferably, the plurahty of second estimating means estimate 

the parameter information by calculating the correlation value using signal 
components of the users determined not to include any demodulation error, 
based on the result of determination by the plurality of second error 
determining means. 

15 According to a still further aspect, the present invention provides a 

radio reception system capable of receiving signals from a plurahty of users 
using a plurahty of antennas, including: signal processing means for 
performing a prescribed signal processing on the signals received by the 
plurahty of antennas; and one stage of interference cancellers, including a 

20 plurahty of stages of interference removing units corresponding to the 
plurahty of users; wherein each stage of the interference removing unit 
includes signal extracting means for extracting signal component 
corresponding to a specific user, different stage by stage, among the 
plurality of users based on an input signal, estimating means for 

25 estimating parameter information related to relation between the signal 

component extracted by the signal extracting means and the signal input to 
the signal extracting means, operating means for removing the signal 
component corresponding to the specific user, from the signal input to the 
signal extracting means in consideration of the parameter information, and 

30 error determining means for determining whether the signal component 

corresponding to the specific user includes a demodulation error or not, and 
when determined to include the demodulation error, disabling removal of 
the signal component corresponding to the specific user by the operating 
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means; and the plurality of stages of interference removing units are 
connected such that the signal output from the signal processing means is 
input to inputs of the operating means and the signal extracting means of 
the first stage of the interference removing units, and an output of the 
5 operating means of a former stage interference removing unit of adjacent 

two interference removing units is appHed to inputs of the signal extracting 
means and the operating means of a latter stage interference removing unit. 

Preferably, the radio reception system further includes a next stage 
of interference cancellers receiving an output of the operating means of a 

10 last stage interference removing unit of the one stage of interference 
cancellers; wherein the next stage interference canceller includes a 
plurality of stages of interference removing units corresponding to the 
plurality of users; each stage of the interference removing units includes 
signal extracting means for extracting and outputting signal component 

15 corresponding to a specific user, different stage by stage, among the 
plurality of users, based on an input signal, estimating means for 
estimating parameter information related to relation between the signal 
component extracted by the signal extracting means and the signal input to 
the signal extracting means, operating means for removing the signal 

20 component corresponding to the specific user from the signals input to the 
signal extracting means, in consideration of the parameter information, 
and error determining means for determining whether the signal 
component corresponding to the specific user includes a demodulation error 
or not and, when determined to include an error, disabUng removal of the 

25 signal component corresponding to the specific user by the operating 
means; the interference removing unit of the next stage interference 
canceller corresponding to a user determined not to include any 
demodulation error by the interference canceller of the first stage provides 
an output of the interference removing unit of the preceding stage as it is to 

30 the interference removing unit of the succeeding stage; and in the 
interference removing unit of the next stage interference canceller 
corresponding to the user determined to include a demodrdation error by 
the first stage interference canceller, an output of the interference 
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removing unit of the preceding stage is applied to inputs of the signal 
extracting means and the operating meams, and an output of the operating 
means is output to the interference removing unit of the succeeding stage. 

According to a still further aspect, the present invention includes a 
radio reception system capable of receiving signals from a plurahty of users 
using a plurality of antennas, including: signal processing means for 
performing a prescribed signal processing on the signals received by the 
plurality of antennas; and one stage of interference cancellers; the one 
stage of interference cancellers includes a plurahty of stages of interference 
removing units corresponding to the plurahty of users; each stage of the 
interference removing units includes signal extracting means for extracting 
and outputting signal component corresponding to a specific user, different 
stage by stage, among the plurahty of users, based on an input signal, 
estimating means for estimating, based on a correlation value between 
signal component of the specific user and signal component of another user, 
parameter information related to relation between the signal component 
extracted by the signal extractiag means and the signal output from the 
signal processing means, error determining means for determining whether 
the signal component corresponding to the specific user includes a 
demodulation error or not, and operating means for removing the signal 
component corresponding to a user determined not to include a 
demodulation error from the signal output from the signal processing 
means, in consideration of the parameter information; and the plurahty of 
stages of interference removing units are connected such that the signal 
output from the signal processing means is input to inputs of the operating 
means and the signal extracting means of the first stage of the interference 
removing units, and an output of the operating means of a former 
interference removing unit of adjacent two interference removing units is 
apphed to an input of the signal extracting means of a latter stage 
interference removing unit. 

Preferably, the radio reception system further includes a next stage 
of interference cancellers receiving an output of the operating means of the 
interference removing unit of the last stage of the one stage of interference 



cancellers; wherein the next stage interference canceller includes a 
plurality of stages of interference removing units corresponding to the 
plurality of users; each stage of the interference removing unit includes 
signal extracting means for extracting and outputting signal component 
5 corresponding to a specific user, different stage by stage, among the 
plurality of users based on an input signal, estimating means for 
estimating, based on a correlation value between signal component of the 
specific user and signal component of another user, parameter information 
related to relation between the signal component extracted by the signal 

10 extracting means and the signal output from the signal processing means, 
error determining means for determining whether or not the signal 
component corresponding to the specific user includes a demodulation error, 
and operating means for removing the signal component corresponding to 
the user determined not to include any demodulation error from the signal 

15 output from the signal processing means, in consideration of the parameter 
information; the interference removing unit of the next stage interference 
canceller corresponding to the user determined not to include any 
demodulation error by the first stage interference canceller outputs an 
output of the interference removing unit of the preceding stage as it is to an 

20 interference removing unit of the succeeding stage; and in the interference 
removing unit of the next stage interference canceller corresponding to the 
user determined to include a demodulation error by the first stage 
interference canceller, an output of the interference removing unit of the 
preceding stage is applied to an input of the signal extracting means, and 

25 an output of the operating means is output to the interference removing 
unit of the succeeding stage. 

More preferably, the estimating means calculates correlation value 
between the signal component of the specific user and signal component of 
another user independent from result of determination by the error 

30 determining means, and estimates the parameter information based on the 
calculated correlation value. 

More preferably, the estimating means calculates the correlation 
value using only the signal components of the users determined not to 
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include any demodulation error based on the result of determination by the 
error determining means, and estimates the parameter information based 
on the calculated correlation value. 

More preferably, the signal extracting means is an adaptive array 
spatially separating and extracting signal component corresponding to a 
specific user. 

More preferably, the signal extracting means includes an adaptive 
array spatially separating and extracting signal component corresponding 
to a specific user, a demodulator demodulating an output of the adaptive 
array, and a re-modulator re-modulating an output of the demodulator. 

More preferably, the signals from the plurality of users are signals 
transmitted in accordance with PDMA communication method. 

More preferably, the signals from the plurality of users are signals 
transmitted in accordance with CDMA communication method. 

More preferably, the signals transmitted in accordance with the 
CDMA communication method are spread by predetermined spreading 
codes in advance on a transmitting side, and the radio reception system 
further includes inverse spreading means for inverse spreading signals 
output from the signal processing means by corresponding spreading codes 
in accordance with CDMA communication method and applying the results 
to the signal extracting means. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a reception system of a PDMA base 
station, as a basic concept of the present invention. 

Fig. 2 is a block diagram representing a configuration of the 
operating apparatus shown in Fig. 1. 

Fig. 3 is a block diagram of the reception system of the PDMA base 
station in accordance with a first embodiment of the present invention. 

Fig. 4 is a block diagram representing a configuration of an 
interference removing unit shown in Fig. 3. 

Fig. 5 is a block diagram representing a configuration of the 
operating apparatus shown in Fig. 3. 
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Fig. 6 is a block diagram of the reception system of the PDMA base 
station in accordance with a second embodiment of the present invention. 

Fig. 7 is a block diagram representing a configuration of the 
operating apparatus shown in Fig. 6. 
5 Fig, 8 is a block diagram of the reception system of the PDMA base 

station in accordance with a third embodiment of the present invention. 

Fig. 9 is a block diagram representing a configuration of the 
interference removing unit shown in Fig. 8. 

Fig. 10 is a block diagram of the reception system for the PDMA base 
10 station in accordance with a fourth embodiment of the present invention. 

Fig. 1 1 is a block diagram of the reception system for the PDMA base 
station in accordance with a fifth embodiment of the present invention. 

Fig. 12 is a block diagram of the reception system for the PDMA base 
station in accordance with a sixth embodiment of the present invention. 
15 Fig. 13 is a block diagram of the reception system for the PDMA base 

station in accordance with a seventh embodiment of the present invention. 

Fig. 14 is a block diagram of the reception system for the PDMA base 
station in accordance with the eighth and ninth embodiments of the 
present invention. 

20 Fig. 15 is a block diagram representing a configuration of the 

interference removing unit of the reception system for the PDMA base 
station in accordance with the eighth embodiment of the present invention. 

Fig. 16 is a block diagram representing a configuration of the 
interference removing unit of the reception system for the PDMA base 
25 station in accordance with the ninth embodiment of the present invention. 

Fig. 17 is a block diagram of the reception system for the CDMA base 
station in accordance with a tenth embodiment of the present invention. 

Fig. 18 is a block diagram representing a configuration of the 
interference removing unit shown in Fig. 17. 
30 Fig. 19 is a block diagram representing a configuration of the 

operating apparatus shown in Fig. 17. 

Fig. 20 is a block diagram representing a configuration of the 
interference removing unit of the reception system for the CDMA base 
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station in accordance with an eleventh embodiment of the present 
invention. 

Fig. 2 1 is a block diagram representing a configuration of an 
adaptive array. 

Fig. 22 shows channel arrangements of user signals in accordance 
with communication methods of FDMA, TDMA and PDMA, respectively. 

Fig. 23 is a block diagram representing the conventional reception 
system for the PDMA base station. 

Best Modes for Carrying Out the Invention 

Fig. 1 is a block diagram representing a reception system for the 
PDMA base station proposed as a multistage interference canceller as a 
basic concept of the present invention. In the proposed reception system 
as the basic concept of the present invention, signals Si(t), ■ ■ • , Sk(t), ■ • ■ , 
Sm(t) from m (m is an integer not smaller than 2) users 1, k, m 
transmitted at the same time are mutually separated and taken out in 
parallel. 

Referring to Fig. 1, as in the conventional example shown in Fig. 23, 
the reception system for the PDMA base station includes four antennas 3 to 
6, frequency converting circuit 7 and A/D converter 8. An input signal 
vector Xi(t) output from A/D converter 8 is appUed to a first stage operating 
apparatus 101, first stage adaptive arrays AAn, AAki, AAmi, and to 
first stage parameter estimators PEu, ■ • •, PEki, ■ ■ •, PEmi. Details of the 
adaptive array will be described later. 

Adaptive arrays AAn, AAki, AAmi output user signals Yii(t), 
■", Yki(t), Ymi(t) that are complex signals including with highest 
intensity the signal component of the corresponding users (and additionally 
including interference signal components from other users), respectively, 
which user signals are appHed to the first stage operating apparatus 101 
and detected by corresponding detectors DEu, DEki, DEmi. 

Parameter estimators PEu, PEki, PEmi estimate reception 
signal coefficient vectors Hu, Hki, Hmi of the corresponding users, 
based on the input signal vector Xi(t) and corresponding detection outputs 
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of detectors DEn, DEui, DEmi, and applies the estimated vectors to 
the first stage operating apparatus 101. More specifically, each parameter 
estimator estimates to what extent the signal component of the 
corresponding user is included in the input signal vector, to what extent the 
5 signal component of the corresponding user has its phase rotated with 
respect to the input signal vector, and so on. 

The first stage operating apparatus 101 subtracts, for each user i (i = 
1, 2, m), aU the user signal components other than the user i of interest 
from the input signal vector Xi(t), so as to eliminate the interfering signal 

10 component, and calculates and outputs further input signal vector Xi2(t) of 
the user i. The operation of operating apparatus 101 will he described in 
detail later with reference to Fig. 2. 

The first stage operating apparatus 101 outputs input signal vectors 
Xi2(t), Xk2(t), Xm2(t) corresponding to the users, and applies these to 

15 corresponding second stage adaptive arrays AA12, AAk2, AAm2. 

User signals Yi2(t), Yk2(t), Ym2(t) output from the second stage 
adaptive arrays AA12, AAk2, AAmz are applied to the second stage 
operating circuit 102 and detected by corresponding detectors DE12, 
DEk2, DEm2, respectively. 

20 Parameter estimators PE 12, PEk2, PEm2 estimate reception 

signal coefficient vectors H12, Hk2, Hra2 of the corresponding users 
based on the input signal vector Xi(t) and the corresponding outputs of 
detectors DE12, DEk2, DEm2, and applies the estimated vectors to the 
second stage operating apparatus 102. Operating apparatus 102 outputs 

25 further input signal vectors Xi3(t), ■-, Xk3(t), Xm3(t), and applies to third 
stage adaptive arrays AA13, -".AAks, AAms (not shown). 

As a plurahty of stages (first stage to Lth stage) of interference 
cancellers are provided in series, with each canceller including an adaptive 
array, a parameter estimator and an operating apparatus, the ratio of the 

30 signal components of other users included in the user signals output from 
respective stages are reduced stepwise, improving elimination of 
interference. As a result, communication characteristic can further be 
improved. 
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Fig. 2 is a specific block diagram of the operating apparatus 101 as 
an example of the plurality of stages of operating apparatuses shown in Fig. 
1. Referring to Fig. 2, operating apparatus 101 includes multipliers MPi, 
MPk_i, MPk+i, MPm and an adder ADk. Though not shown for 
5 siraphcity of description, it is understood that, in addition to the shown 
multiphers and the adder, operating apparatus 101 includes a multiplier 
MPk and adders ADi, ADk-i, ADk+i, —.ADm. 

To the multiphers MPi, MPk-i, MPk+i, MPm, user signals Yii(t), 
Y(k-i)i(t), Y(k+i)i(t), Ymi(t) from adaptive arrays AAii, AA<k_i>, 
10 AA(k+i), AAm, as well as reception signal coefficient vectors Hu, 

H(k-i)i, H(k+i)i, Hmi from parameter estimators PEn, PE{k-i)i, PE{k+i)i, 
PEmi are applied. 

The outputs of multiphers MPi, MPk-i, MPk+i, MPm are 
appHed to a negative input of adder ADk, and the input signal vector Xi(t) is 
15 apphed to a positive input of adder ADk. Thus, signal components 

corresponding to users other than user k are subtracted from input signal 
vector Xi(t), and the signal component Xk2(t) corresponding to the user k is 
output from adder ADk. As described above, it is assumed that these 
adaptive arrays, parameter estimators and an operating apparatus as a 
20 whole constitute one stage of interference canceller. 

As a result, considerable interfering signal components can be 
removed. By applying the new input vector Xk2(t) of which interfering 
signal components removed considerably by the operating apparatus 101 to 
the second and the following stages of interference cancellers, the ratio of 
25 the interfering signal components of other users included in the user signal 
Sk(t) that is finally output can sxifficiently be reduced, realizing satisfactory 
communication characteristic. 

To each of the adders not shown, other than adder ADk, outputs from 
multiphers other than the multipher corresponding to the adder of interest 
30 among multiphers MPi, MPk, ■, MPm and the input signal vector Xi(t) 
are apphed in parallel, in the similar manner. These adders respectively 
output new input signal vectors shown in Fig. 1 and apply the same to the 
second and the following stages of interference cancellers. 



- 14- 



Specific operation of the apparatus shown in Figs. 1 and 2 wUl be 
described in the following. 

When we represent the number of antenna elements by n and the 
number of users communicating simultaneously by m, the input signal 
5 vector Xi(t) output from A/D converter 8 can be represented by the 
following equations. 

Xl(t) = [Xl(t), X2(t), ■■• X„(t)F •■■ (1) 

Xj(t) = hjlSl(t) + hj2S2(t) + - +hjiSi(t)+ •■■ + hjmSm(t) + nj(t). 

(3 = 1,2, -,n) - (2) 

10 The equations (1) and (2) in vector representation provide the 

following equation (3). 

Xl(t)=HlSl(t) + H2S2(t)+ ••• +HiSi(t)+ ■•• + HmSm(t) + N(t) 

- (3) 

Hi = [hii,h2i, -,h„i]T (i= 1, 2, -sm) -(4) 
15 N(t) = [ni(t), n2(t), ••■,nn(t)F - (5) 

The operation in which the new input signal vector Xk2(t) is output 
from operating apparatus 101 of Fig. 2 will be described in greater detail. 

It is assumed that Hi (i = 1, 2, m) can be estimated by parameter 
estimators PEu, PEki, PEmi. Further, assuming that the first stage 
20 of adaptive arrays AAii, AAki, AAmi operate relatively satisfactory, 
it is possible to regard that Yii(t) ^ Si(t). 

In this stage, it follows that all the user signals and the reception 
signal coefficient vectors of aU the user signals can be obtained. Here, the 
input signal vector Xk2(t) used for signal detection of the user k for the 
25 second stage can be calculated in accordance with the equation (6). 

Xk2(t)=Xl(t)-HlSl(t)- - -Hk_lSk-l(t)-Hk+lSk+l(t)-HmSm(t) 

- (6) 

By substituting the equation (3) for the equation (6), the following 
equation (7) results. 
30 Xk2(t) = HkSk(t) + N(t) - (7) 

When Xi(t) is compared with Xk2(t), it can be seen that interfering 
component Si(t) (i = 1, 2, ••• m, where i 5t k) other than Sk(t) is reduced in 
Xk2(t), and therefore, operation of the second stage adaptive arrays is 
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facilitated. 

As shown in Fig. 1, in the multistage interference canceller 
consisting of a plurality of stages of interference cancellers connected to 
each other, the reception signal is separated user by user by the adaptive 
5 arrays, and the result obtained by removing user signals other than the 

user of interest as interfering waves from the reception signal is appHed to 
the next stage interference canceller, as an input signal of the user of 
interest. As a result, in the next stage interference canceller, as the 
interfering waves of the input user signal are reduced, a user signal with 
10 superior communication characteristic can be obtained. By repeating 

removal of the interfering waves in this manner over a plurality of stages, 
the interfering waves can further be removed, CIR (Carrier to Interference 
Ratio) can further be improved, and it becomes easier to extract the desired 
user signal. 

15 Though removal of interfering waves can surely be attained by using 

the above described multistage interference canceller, there are the 
following problems. 

(1) In the example of the multistage interference canceller 
described above, the user signal extracted by each adaptive array is 

20 removed as the interfering wave component from the reception signal, 
without determining whether there is a demodulation error or not. 
Therefore, if there is a demodulation error in the user signal extracted by 
an adaptive array and the signal has somewhat deformed waveform, such 
as an impulse-like waveform, the output of each operating apparatus (input 

25 signal to the next stage interference canceller) obtained as a result of 

subtraction of such erroneous signal component from the reception signal 
would be affected, for example, there would be an impulse-like noise, 
because of the demodulation error. 

(2) As described with reference to Fig. 2, each signal removed from 
30 reception signal Xi(t) by adder ADk is a product of the reception signal 

coefficient vector calculated by each parameter estimator and the user 
signal extracted by each adaptive array (hereinafter referred to as a repMca 
signal). 
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Here, the reception signal coefficient vector calculated by each 
parameter estimator does not take into account the correlation value 
between the user signal of the target user and the user signals of other 
users, and the vector is calculated assuming that the correlation value is 0. 

Actually, there is correlation between a plurality of user signals, and 
therefore, the above described calculation method is not well match the 
actual propagation environment. Therefore, when the reception signal 
coefficient vector calculated in accordance with the calculation method in 
which the correlation value with the user signals of other users is assumed 
to be 0 is used to remove the interfering waves, it is possible that the 
output of each operating apparatus (input signal to the next stage 
interference canceller) includes an error. 

The present invention provides a solution to the problems (1) and (2). 

[First Embodiment] 

Fig. 3 is a block diagram representing the reception system for the 
PDMA base station in accordance with the first embodiment of the present 
invention. 

Referring to Fig. 3, an operating apparatus 101', first gate units GA, 
interference removing units IC and second gate units GB, which are 
provided for each of a plurahty of users, constitute a basic configuration of 
the first stage interference canceller. 

Though not shown for the simpHcity of description, the first gate 
units GA, interference removing units IC and second gate units GB are 
provided in the same manner as the first stage interference canceller for a 
plurality of users, in the succeeding stage of operating unit 102', so that 
operating apparatus 102' and components GA, IC and GB, not shown, 
constitute the second stage interference canceller. 

Though not shown, succeeding the second stage interference 
canceller, there are a pluraLLty of interference cancellers configured in the 
same manner as the first interference canceller (including the operating 
apparatus, first and second gate units and the interference removing units). 

Therefore, the reception system of Fig. 3 is, as a whole, formed by 
midtistages of interference cancellers, and the outputs of the second gate 
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unit GB (not shown) provided for the plurality of users of the last stage 
interference canceller are provided as the final outputs of the reception 
system. 

As in the reception system shown in Fig. 1, the input signal vector 
5 Xi(t) is output from A/D converter 8, applied to operating apparatus 10 1' of 
the first stage interference canceller, and commonly applied to the plurality 
of interference canceling units ICn, ICki, ICmi provided 
corresponding to the plurality of users in a preceding stage of the first stage 
interference canceller. 
10 In the reception system shown in Fig. 3, the interference removing 

units IC all have the same configuration and, as an example, the 
configuration of interference removing unit ICki is shown in Fig. 4. 

Referring to Fig. 4, the complex signal of the user k extracted by 
adaptive array AAki firom the input signal vector Xi(t) input to interference 
15 removing unit ICki is converted to a hit information signal by a 

demodulator DMki. The bit information signal is appHed to an error 
determining unit EDki as well as to a re-modulator RMki. 

Error determining unit EDki determines whether there is a 
demodulation error in the extracted signal from adaptive array AAki, based 
20 on the bit information signal from demodulator DMki. When it is 

determined that there is a demodulation error, an error determination 
signal Eki at the L level is generated and applied to the operating 
apparatus 101' of the first stage interference canceller. 

Re-modiilator RMki again converts the bit information signal from 
25 demodulator DMki to the user signal Yki(t), which is a complex signal, and 
apphes the same to operating apparatus 101' of the first stage interference 
canceller as well as to the parameter estimator PEki. 

Parameter estimator PEki calculates the reception signal coefficient 
vector Hki of the corresponding user based on the input signal vector Xi(t) 
30 and the user signal Yki(t), and apphes the calculated vector to operating 
apparatus 101' of the first stage interference canceller. 

The arrangement including the adaptive array, a demodulator, an 
error determining unit, a re-modulator and a parameter estimator such as 
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shown in Fig. 4 is common to all the interference removing units IC shown 
in Fig. 3, and therefore, overlapping description would not be repeated. 

Fig. 5 is a block diagram representing a specific configuration of 
operating apparatus 101' of the first stage interference canceller, as an 
5 example of the plurality of stages of interference cancellers constituting the 
reception system shown in Fig. 3. Referring to Fig. 5, operating apparatus 
101' includes multipHers MPi, MPk_i, MPk, MPk+i, MPm, AND gates 
ANDi, ANDk-i, ANDk, ANDk+i, AND„ and an adder AD. 

To multipUers MPi, MPk-i, MPk, MPk+i, MPm, user signals 
10 Yn(t), ■". Y(k-i)i(t), Yki(t), Y(k+i)i(t), Ymi(t) from the preceding stage 
interference removing units ICii, IC(k-i)i, ICki, IC(k+i)i, ICmi, and 
reception signal coefficient vectors Hn, H(k-i)i, Hki, H(k+i)i, Hmi are 
appHed. Outputs of multipUers MPi, MPk_i, MPk, MPk+i, MPmare 
appHed to one inputs of corresponding AND gates ANDi, ANDk_i, ANDk, 
15 ANDk+i, ANDm, respectively, and corresponding error determination 
signals En, E(k-i)i, Eki, E(k+i)i, Emi from the preceding stage 
interference removing units ICu, IC(k-i)i, ICki, IC<k+i)i, ICmi are input 
to the other inputs of these AND gates. 

Outputs of AND gates ANDi, ANDk-i, ANDk, ANDk+i, AND™ 
20 are appHed to negative inputs of adder AD, and the input signal vector Xi(t) 
fi:om AID converter 8 is appHed to a positive input of adder AD. 

The output of adder AD is provided from operating apparatus 101' as 
input signal vector X2(t), which is commonly appHed to the first gate units 
GAi2, GAk2, GAm2 corresponding to the pluraHty of users, 
25 respectively, as shown in Fig. 3. 

Though not shown in the block diagram of operating apparatus 101' 
of Fig. 5, the reception signal coefficient vectors Hn, Hki, Hmi, the 
error determination signals En, Eki, Emi and the user signals Yn(t), 
Yki(t), Ymi(t) output from respective interference units ICn, ICki, 
30 ICmi of the preceding stage are passed through operating apparatus 101' 

as they are, and appHed to the corresponding first gate units GA12, GAk2, 
■ • GAm2 of the first stage interference canceller, user by user. 

Now, referring to Fig, 5, an L level error determination signal En 
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from error determining unit EDii of interference removing unit ICu that 
corresponds to the user signal, e.g., the signal Yu(t),which is determined to 
have a demodulation error by the preceding stage interference removing 
unit as described above, is applied to the other input of the corresponding 
5 AND gate ANDi of operating apparatus 101'. As a result, this AND gate is 
closed, and input of the product between the reception signal coefficient 
vector Hu and the user signal Yii(t) output from the corresponding 
multiplier MPi, that is, input of the repHca signal to adder AD is prevented. 
As a result, from the interference wave components (replica signals) 

10 of respective users to be subtracted from input signal vector Xi(t), the 
interference wave component (repHca signal) corresponding to the user 
signal that includes a demodulation error is excluded. As a result, the 
impulse-like noise, for example, will not be included in the input signal 
vector X2(t) output from operating apparatus 101' of the first stage 

15 interference canceller. 

In the first stage interference canceUer, the error signal Eu that has 
passed through operating apparatus 101' from the preceding stage 
interference removing unit ICu is apphed to a selective control input of the 
first gate unit GA corresponding to each user, gate unit GA12 corresponding 

20 to user 1, for example. 

When it is determined by the preceding stage interference removing 
unit ICu that there is an error, the first gate unit GA12 selects, in 
accordance with the error determination signal Eu, the input signal vector 
X2(t) of high precision not including any noise, that is newly calculated by 

25 operating apparatus 101' and appHes the same to interference removing 
unit IC12. 

As already described with respect to ICki of Fig. 4 above, the 
interference remo\dng unit IC12 newly calculates, based on the input signal 
vector X2(t), a reception signal coefficient vector H12, an error determination 
30 signal E12 and a user signal Yi2(t), which are apphed to the second gate unit 
GB12. 

When it is determined by the preceding stage interference removing 
unit ICu that there is no error, the first gate unit GA12 selects and applies 
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to the second gate unit GB12 the reception signal coefficient vector Hu, the 
error determination signal En and the user signal Yii(t) that have passed 
through operating unit 101', in accordance with the error determination 
signal Ell. 

5 To the selective control input of the second gate unit GB12, the error 

determination signal En is commonly applied to the first gate unit GA12. 
When it is determined by the preceding stage interference removing unit 
ICii that there is an error, the second gate unit GB12 selects and outputs 
the reception signal coejOacient vector H12, the error determination signal 

10 E12 and the user signal Yi2(t) that are newly calculated by interference 

removing unit IC12 in accordance with the error determination signal Eu, 
and applies these to operating apparatus 102' constituting the second stage 
interference canceller. 

When it is determined by the preceding stage interference removing 

15 unit ICii that there is no error, the second gate unit GB12 selects and 
outputs the reception signal coefficient vector Hu, error determination 
signal Ell and the user signal Yn(t) transmitted from the first gate unit 
GA12 as they are, in accordance with the error determination signal Eu, and 
apphes these as the reception signal coefficient vector H12, the error 

20 determination signal E12 and the user signal Yi2(t), to operating apparatus 
102' constituting the second stage interference canceller. 

The same operation is performed by the gate units GA, GB and the 
interference removing units IC corresponding to users other than user 1, 
and therefore, description thereof will not be repeated. 

25 In summary, in the above described operation, among the preceding 

stage interference removing units IC receiving the input signal vector Xi(t), 
to the user determined to be free of any error, the reception signal 
coefficient vector H, the error determination signal E and a user signal Y(t) 
calculated by the interference removing unit IC are directly passed through 

30 the operating unit 10 1', the first gate unit GA and a second GB of the first 
stage interference canceller and apphed to the second stage interference 
canceller. More specifically, for the user once determined to be free of any 
error by the interference removing unit IC, nothing is applied to the 



-21- 



interference removing unit IC of the succeeding stage of the interference 
cancellers, and the reception signal coefficient vector H, the error 
determination signal E and the user signal Y(t) are not newly calculated. 
Among the preceding stage interference removing units IC receiving 
5 the input signal vector Xi(t), to the user determined to have an error, the 
interference removing unit IC of the first stage newly calculates the 
reception signal coefficient vector H, the error determination signal E and 
the user signal Y(t) and applies to the second stage interference canceller, 
hased on the input signal vector X2(t) from which the interference wave is 

10 removed with high precision without introducing any noise by the 
operating apparatus 101' of the first stage interference canceller. 

The operating apparatus 102' of the second stage interference 
canceller has the identical configuration as the operating apparatus 101' of 
the first stage interference canceller, and performs the same operation as 

15 that described with reference to Fig. 5. More specifically, only the replica 
signal corresponding to the user signal not including any demodulation 
error is subtracted from the initial input signal vector Xi(t), and the next 
input signal vector XsCt) is output from adder AD (Fig. 5). 

More specifically, for the user once determined to be free of any error 

20 by the preceding stage interference removing units ICu, ICki, ••■,ICmi, 
the replica signal thereof is always the object of subtraction from the initial 
input signal vector Xi(t) at the interference canceller of any succeeding 
stage. 

On the other hand, even when the user has been excluded from the 
25 object of subtraction from the initial input signal vector Xi(t) at the 

operating apparatus 101' of the first stage interference canceller as it is 
determined to include an error by the preceding stage interference 
removing units ICu, ■••,ICki, ICmi, if it is determined to be free of any 
error by any of the interference removing units IC12, ICk2, ICm2 of 
30 the first stage interference canceller, then the replica signal thereof is 

always an object of subtraction from the initial input signal vector Xi(t) in 
the interference canceller of any of the succeeding stages. 

As a result, in operating apparatus 102' of the second stage 
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interference canceller, an input signal vector XsCt) can be obtained, from 
which interference wave is removed with higher precision without 
introducing any noise. 

The operation of the second stage interference canceller including 
5 operating apparatus 102' is completely the same as that of the first stage 
interference canceller described above which includes operating apparatus 
101', the first gate units GA12, GAk2, GAm2, interference removing 
units IC12, •", ICk2, •", ICm2, and the second gate units GB12, GBi£2, 

GBm2. 

10 By connecting a plurality of stages of such interference cancellers in 

series, and by subtracting only the rephca signal of the user which is 
determined to be fi:ee of any error from the initial input signal vector Xi(t) 
at the operating apparatus of the interference canceller of each stage, it 
becomes possible to remove the interfering waves with high precision, at 

15 the interference canceller of each stage. 

For the user once determined to be free of any error by the 
interference removing unit IC in any of the stages including the preceding 
stage, the reception signal vector H, the error determination signal E and 
the user signal Y(t) calcvdated by that interference removing unit IC are 

20 output from the second gate unit GB (not shown) of the interference 

canceller of the last stage, and from which, the user signal Y(t) is extracted 
and output from the reception system as the final, error -free user signal. 

For the user determined to include an error by the interference 
removing unit IC of every stage, the reception signal coefficient vector H, 

25 the error determination signal E and the user signal Y(t) calculated by the 
interference removing unit IC of the interference canceUer of the last stage 
are output from the second gate unit GB, and from which the user signal 
Y(t) is extracted and output from the reception system as the final user 
signal with an error. 

30 The effect of the first embodiment will be more specifically described. 

The above described first embodiment is configured such that in each stage 
of the mxiltiple stages of interference cancellers, the interference component 
corresponding to (error-free) user, that is, the rephca signal, is removed 
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from the initial input signal Xi(t) by the operating apparatus. The first 
embodiment having such a configuration provides the following effects. 

For example, assume that a reception signal of user 4 is to be found 
among four users. When users 1 and 2 only are determined to be firee of 
5 any demodulation error by the preceding stage interference removing units 
ICii and ICi2, only the replica signals of users 1 and 2 are subtracted from 
the initial input signal vector Xi(t) by the operating apparatus 101' of the 
first stage interference canceller. As a result, the reception signal X2(t) for 
the user 4 from the first stage interference canceller will be 
10 Initial input signal - (replica signal of user 1 + replica signal of user 

2). 

Next, if it is determined that user 3 is also free of any demodulation 
error in addition to users 1 and 2, by the interference removing unit IC32 of 
the first stage, the replica signals of users 1, 2 and 3 are subtracted from 

15 the initial input signal Xi(t) by the operating apparatus 102' of the second 
stage interference canceller. As a result, the reception signal XsCt) for the 
user 4 of the second stage interference canceller will be 

Initial input signal - (replica signal of user 1 + replica signal of user 
2 + repHca signal of user 3). 

20 [Second Embodiment] 

Fig. 6 is a block diagram representing the reception system for the 
PDMA base station in accordance with the second embodiment of the 
present invention. Different from the reception system in accordance with 
the first embodiment shown in Fig. 3 in which the repHca signal is 

25 subtracted from the initial input signal vector Xi(t) by the operating 

apparatus of the interference canceller of each stage, the reception system 
in accordance with the second embodiment is configured such that the 
interference component corresponding to each user, that is, the replica 
signal, is subtracted from an input signal vector that is newly calculated by 

30 the operating apparatus of the interference canceller of each stage. 

The reception system in accordance with the second embodiment 
shown in Fig. 6 differs from the reception system in accordance with the 
first embodiment shown in Fig. 3 in the following points. Namely, in the 
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first stage interference canceller including operating apparatus 101', gate 
units GA12, GAk2, GAm2 and interference removing units IC 12, 
ICk2, •", ICm2, the input signal vector X2(t) output from operating apparatus 
101 is applied, instead of Xi(t) of Fig. 3, to the operating apparatus 102" of 
5 the second stage interference canceller. Further, in Fig. 6, the second gate 
unit GA shown in Fig. 3 is not provided. The reception signal coefficient 
vector X, error signal E and user signal Y(t) as the outputs of interference 
removing unit 10 and the reception signal vector H, the error determination 
signal E and the user signal Y(t) passed from the preceding stage 

10 interference removing unit IC through gate unit GA are appHed in parallel, 
to the operating apparatus 102" of the second stage interference canceller. 

The operating apparatus 102" of the second stage interference 
canceller (and operating apparatuses of interference cancellers of the 
following stages) has such a configuration as shown in Fig. 7, and not the 

15 configuration shown in Fig. 5 described above. 

In operating apparatus 102" shown in Fig. 7, the reception signal 
coefficient vector H12, the error determination signal E12 and the user signal 
Yi2(t) from the interference removing unit IC of the preceding stage 
interference canceller, for example, from interference removing unit IC12, 

20 and the reception signal coefficient vector Hn, the error determination 
signal En and the user signal Yii(t) that have passed through the first 
stage interference canceller from the preceding stage interference removing 
unit ICn are applied to gate unit GCi. 

To the selective control input of gate unit GCi, the error 

25 determination signal En is appHed. When error determination signal En 
represents absence of any error, then the reception signal coefficient vector 
Hn, the error determination signal En and the user signal Yn(t) from 
interference removing unit ICn are selected and output as the reception 
signal coefficient vector H12, the error determination signal E12 and the user 

30 signal Yi2(t) and, when the error determination signal En represents 

presence of an error, the reception signal coefficient vector H12, the error 
determination signal E12 and the user signal Yi2(t) from interference 
removing unit IC12 are selected and output. 
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The reception signal coefficient vector H12 and user signal Yi2(t) from 
the interference removing unit IC12 of the first stage interference canceller 
are multiplied by multiplier MPi, and an output thereof is applied to one 
input of AND gate ANDi. To the other input of AND gate ANDi, the error 
5 determination signal E12 from interference removing unit IC12 is applied. 

Between AND gate ANDi and adder AD, a gate unit GDi is provided, 
and the error determination signal En is input to the selective control input 
of gate unit GDi. When the error determination signal En represents 
absence of any error, gate unit GDi is closed, so that the output of AND 
10 gate ANDi is not applied to the negative input of adder AD. When error 
determination signal En represents presence of an error, gate unit GDi is 
opened, applying the output of AND gate ANDi to the negative input of 
adder AD. 

To the positive input of adder AD, not the initial input signal vector 

15 Xi(t) applied in the first embodiment but the input signal vector X2(t) 

calculated by operating apparatus 101' of the preceding stage interference 
canceller is input. 

Though the configuration corresponding to user 1 has been described, 
it is understood that the operating apparatus 102" has the same 

20 configuration for users 1 to m. 

The operation of the reception system in accordance with the second 
embodiment having the above described configuration is as follows. 
Among the preceding stage interference removing units ICn, "•, ICki, 
ICmi receiving the input signal vector Xi(t), for the user determined to be 

25 free of any error, the reception signal vector H, the error determination 
signal E and the user signal Y(t) calculated by the interference removing 
unit IC of interest are directly passed through the operating unit 101' and 
the gate unit GA of the first stage interference canceller as well as the 
operating unit 102" and the gate unit GC of the second unit interference 

30 canceller, and appHed to the gate unit GA of the second stage interference 
canceller (not shown). 

Namely, for the user once determined to be free of any error by the 
preceding stage interference removing unit IC, nothing is applied to the 
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succeeding stage interference removing unit IC. 

For the user determined to have an error among the preceding stage 
interference removing units ICn, ICki, ICmi receiving the input 
signal vector Xi(t), based on the input signal vector X2(t) from which the 
5 interfering wave has been removed with high precision without introducing 
any noise by operating apparatus 101' of the first stage interference 
canceller, the interference removing unit IC of the first stage interference 
canceller newly calcvdates the reception signal coefficient vector H, the 
error determination signal E and the user signal Y(t) and apphes these to 
10 the operating apparatus 102" of the second stage interference canceller (Fig. 
7). 

In the operating apparatus 102" of the second stage interference 
canceller, only the repHca signal corresponding to the user determined by 
the interference removing unit IC of the preceding stage (first stage) 

15 interference canceller to be free of any demodulation error is subtracted 
from input signal vector X2(t) output from the operating apparatus 101' of 
the preceding stage interference canceller. 

Here, for the user 1 determined to be free of any error by any of the 
preceding stage interference removing units ICn, ICki, ICmi, for 

20 example, by interference removing unit ICn, the repUca signal thereof has 
been already subtracted from initial input signal vector Xi(t) by operating 
apparatus 101', and it is not included anymore in the input signal vector 
X2(t) applied to the adder AD of operating apparatus 102". For the user 1 
determined to be free of any error, the reception signal coefficient vector Hn, 

25 the error determination signal En and the user signal Yn(t) as the outputs 
of the preceding stage interference removing unit ICn are selected, passed 
through the gate unit GCx of operating apparatus 102" and output to the 
succeeding stage. Therefore, to the interference removing unit IC12 of the 
first stage interference canceller corresponding to user 1, X2(t) is not 

30 appHed, and the reception signal coefficient vector H12, the error 
determination signal E12 and user signal Yi2(t) are not provided. 

Therefore, for the user already determined to be free of any error, the 
operation by multipHer MPi and AND gate ANDi are not performed, and 
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subtraction from the input signal vector X2(t) by adder AD is excluded. 
Even when the input XaCt) to interference removing unit IC12 is 0, in order 
to prevent generation of any noise by the operation of interference 
removing unit IC12 and input of the noise to adder AD through multiplier 
5 MPi and AND gate ANDi, gate unit GDi is closed for the user 1 determined 
to be free of any error, and the output from AND gate ANDi to adder AD is 
completely shut out. 

The effect of the second embodiment will be more specifically 
described. According to the second embodiment, the interference canceller 
10 of each stage is configured to remove the replica signal from the input 
signal vector calculated by the operating apparatus of one stage, by the 
operating apparatus of the next stage. 

For example, assume that a reception signal of user 4 is to be found 
among four users. When it is determined that users 1 and 2 only are 
15 determined to be free of error by the preceding stage interference removing 
units ICu and IC21, the reception signal vector X2(t) for the user 4 of the 
first stage interference canceller will be 

Initial input signal - (replica signal of user 1 + replica signal of user 

2). 

20 In accordance with the second embodiment, the reception signal for 

user 4 of the second stage interference canceller will be 
X2(t) - (repHca signal of user 3). 

More specifically, in the first embodiment described above, the 
repUca signal is subtracted from the initial input signal vector Xi(t) at the 

25 operating apparatus of the interference canceller of each stage. Therefore, 
the repHca signal of a user once subtracted as being free of any error must 
be again subtracted from the input signal vector repeatedly at each 
succeeding stage. In the second embodiment, for the user already 
subtracted from the input signal vector as being free of any error, it is 

30 unnecessary to repeat subtraction from the input signal vector at the 

succeeding stages. Therefore, according to the second embodiment, the 
amount of calculation can significantiy be reduced. 
[Third Embodiment] 
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Fig. 8 is a block diagram representing a reception system for the 
PDMA base station in accordance with the third embodiment of the present 
invention. In the third embodiment, basically, fcom the reception signal 
vector Xik(t) used for signal detection for the user k at the kth stage 
5 interference removing unit ICik in the longitudinal direction, a value 
obtained by multiplying the detected signal Yik(t) of the user k and the 
reception signal coefficient vector Hik output from a parameter estimator is 
subtracted, and thus obtained signal vector is used as the input signal 
vector Xi<k+i)(t) of the adaptive array of the (k+l)th interference removing 

10 unit ICi(k+i). Thus, the user signal Yi(k+i)(t) is extracted more accurately in 
the interference removing unit of the next stage. 

More specifically, the input signal vector Xii(t) output from AID 
converter 8 is applied to the interference removing unit ICii of the first 
stage. In Fig. 8, interference removing units ICs all have the same 

15 configuration, and as an example, the configuration of interference 
removing unit ICik is shown in Fig. 9. 

Referring to Fig. 9, the input signal vector Xik(t) appHed from the 
interference removing unit ICi(k-i) of the preceding stage is input to 
adaptive array AAik as weU as to the positive input of adder ADik and a 

20 parameter estimator PEik. By adaptive array AAik, the user signal Yik(t) 
as a complex signal is extracted from input signal vector Xik(t), and 
converted by demodulator DMik to a bit information signal. The bit 
information signal is appHed to error determining unit EDik as weU. as to 
re-modulator RMik. Based on the appHed bit information signal, error 

25 determination unit EDik determines whether there is a demodulation error 
in the extracted signal from adaptive array AAik. When it is determined 
that there is an error, an L level error determination signal Eik is generated 
and externally output. Re-modulator RMik converts the appHed bit 
information signal again to the user signal Yik(t) as a complex signal and 

30 outputs. The user signal Yik(t) is appUed to parameter estimator PEik and 
midtipher MPik and, in addition, externally output. 

Parameter estimator PEik estimates the reception signal coefficient 
vector Hik, based on the detected user signal Yik(t) and the input signal 
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vector Xik(t), Multiplier MPik multiplies the reception signal coe£fi.cient 
vector Hik and user signal Yik(t), and applies the result to a negative input 
of under ADik. Between multiplier MPik and adder ADik, an AND gate 
ANDik is provided, and to one input thereof, error determination signal Eik 
5 is applied from error determination unit EDik. 

Referring to Fig. 8, corresponding to users 1 to m, interference 
removing units ICu, ICim are connected in series in the longitudinal 
direction, and m interference removing units constitutes the interference 
canceller of the first stage. The interference removing unit IC of each 
10 stage is configured in the similar manner as the interference removing unit 
of the kth stage of Fig. 9, and therefore, description thereof will not he 
repeated. 

The basic operation of the third embodiment shown in Figs. 8 and 9 
will be described in the following. Equations (1) to (5) described with 

15 reference to the reception system as the basic concept of the present 

invention shown in Figs. 1 and 2 are also appHed to the third embodiment. 

First, the user signal output from the interference removing unit ICit 
of the kth stage is Yik(t). Parameter estimator PEik outputs the reception 
signal coefficient vector Hik of user k, from user signal Yik(t) of the user k 

20 and the input signal vector Xik(t). Multiplier MPik multiplies the user 

signal Yik(t) by the reception signal coefficient vector Hik, and the result is 
subtracted by adder ADik from input signal vector Xik(t). The result is 
used as the input signal vector Xi(k+i)(t) to the interference removing unit 
ICi(k+i) of the next stage. Namely, the following equation is obtained. 

25 Xi(k+i)(t) = Xi(t) - HikSik(t) - (9) 

By substituting the above described equation (3) for equation (9), the 
following equation (10) results. 

Xi(k+i)(t) = {HikYik(t) + Hi(k+i)Yi(k+i)(t) + ■■■ + HimYim(t) + N(t)} - 
HikYik(t) = Hi{k+i)Yi(k+i)(t) + - + Hin.Sim(t) + N(t) ■•• (10) 

30 As can be understood from the equation (10), the input vector signal 

Xi(k+i)(t) is a vector signal corresponding to the input vector signal Xik(t) of 
the interference removing unit of the preceding stage with the component 
of the user signal Yik(t) (that is, interference signal component for the 
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adaptive array AAi(k+i) of the interference removing unit of the k+lth stage) 
removed. Therefore, when Xi(k+i)(t) rather than Xik(t) is used as the input 
signal vector for the adaptive array AAi(k+i) of the interference canceller of 
the k+lth stage, the adaptive array operates better, and as a result, more 
5 accurate signal Yi(k+i)(t) of the user (k+ 1) can be extracted. 

In the reception system in accordance with the third embodiment 
shown in Figs. 8 and 9, when the user signal extracted by the adaptive 
array AAik of each stage (for example, kth stage) of the interference 
canceller of the first stage includes a demodulation error, error determining 
10 unit EDik generates an L level error determination signal Eik and applies 
the same to one input of AND gate ANDik. Therefore, input of the product 
of the reception signal coefficient vector Hit and the user signal Yik(t) 
output from multiplier MPik, that is, input of rephca signal to adder ADik 
can be prevented. 

15 As a result, of the processings for subtracting interference wave 

components performed by adders ADn, • • ■ , ADik, • • • , ADim of respective 
stages, subtraction of the extracted user signal with an error is excluded, 
and therefore, such an error is not reflected (for example, an impulse-like 
noise is not generated) in the result of subtraction at each stage. 

20 Therefore, the influence of the demodulation error on the user signal output 
from each stage can be prevented. 

As described above, in the interference canceller of the first stage 
including a series connection of interference removing units ICn, ICim, 
at the interference removing unit where it is determined that there is an 

25 error, removal of the interfering wave is stopped. Therefore, from the view 
point of removing interference wave component, it may be insufficient. It 
is noted, however, that when the user signal including a demodulation 
error is once subtracted, the user output signals of aU the succeeding stages 
are affected, providing an inaccurate output signal. In view of such a 

30 drawback, the interference canceller including k stages of interference 
removing units in the longitudinal direction is considered sufficiently 
effective, in that it ensures validity of the output user signal, though 
removal of the interference wave component is somewhat insufficient. 
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In the third embodiment shown in Fig. 8, however, in order to 
further promote removal of the interfering wave component, the series 
connection of interference removing units ICii, ICim of longitudinal k 
stages form a first stage interference canceller, and a plurality of such first 
5 stage interference cancellers are connected in the lateral direction, so that 
an interference canceller of multiple stages as a whole is provided. This 
enables further removal of the interference wave component for the 
processing of the succeeding stages. 

More specifically, an error determination signal output fi:om each 

10 stage of any one of a plurality of users 1 to m, for example, an error 

determination signal En output from interference removing unit ICu of the 
first stage in the longitudinal direction is appHed to an input of the gate 
unit GE21 of the first stage of the next stage interference canceller adjacent 
in the lateral direction, as well as to selective control inputs of gate units 

15 GF21 and GG21. Further, the user signal Yii(t) output from interference 
removing unit ICn is also applied to the input of gate unit GE21. 

The input signal vector X2i(t) from interference removing unit ICim of 
the last stage of the first stage interference canceller is also appHed to the 
input of gate unit GE2i. 

20 When error determination signal En indicates that there is no 

demodulation error at the interference removing unit ICn, gate unit GE21 
passes the error determination signal En itself and the user signal Yn(t) as 
they are and apply these signals to the input of gate unit GF21, and appHes 
the input signal vector X2i(t) to the input of gate unit GG21, in accordance 

25 with the input error determination signal En. 

When the error determination signal En indicates that there is a 
demodulation error at interference removing unit ECn, gate unit GE21 
apphes the input signal vector X2i(t) to the input of interference removing 
unit IC21, in accordance with the input error determination signal En. 

30 Interference removing unit IC21 has the same configuration as the 

interference removing unit ICik shown in Fig. 9, which applies the 
calculated error determination signal E21 and the user signal Y2i(t) to the 
input of gate unit GF21, and applies the input signal vector X22(t) to the 
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input of gate unit GG21. 

When error determination signal Eu represents absence of any error, 
gate unit GF21 selects the error determination signal En and a user signal 
Yii(t) that have passed through gate unit GE21 from the interference 
5 removing unit ICii of the preceding stage, and outputs these as error 
determination signal E21 and the user signal Y2i(t), respectively. 

When error determination signal Eu represents presence of an error, 
gate unit GF21 selects the error determination signal E21 and the user signal 
Y2i(t) newly calculated by interference removing unit IC21 and outputs 

10 these as they are. 

When the error determination signal Eu represents absence of any 
error, gate unit GG21 selects the input signal vector X2i(t) that has passed 
through gate unit GE21 from interference removing unit ICim, and applies 
the same to the input of gate unit GE22 of the succeeding stage. 

15 When error determination signal Eu represents presence of an error, 

gate unit GG21 selects the input signal vector X22(t) newly calculated by 
interference removing unit IC21, and applies the same to the input of gate 
unit GE22 of the succeeding stage. 

More specifically, when it is once determined by the interference 

20 removing unit ICu of the preceding stage interference canceller that there 
is no error, the error determination signal Eu and the user signal Yu(t) 
calculated by the interference removing unit ICu are passed as they are 
through the interference cancellers connected in a plurality of stages in the 
lateral direction, and output as final outputs from the gate GF (not shown) 

25 of the interference canceller of the last stage. Further, the input signal 

vector X2i(t) from the preceding stage is directly applied to the input of gate 
unit GG21, not through the interference removing unit IC21. 

When it is determined by the interference removing unit ICii of the 
preceding stage interference canceller that there is an error, it follows that 

30 the input signal vector X2i(t) input to the interference removing unit IC21 
still includes the interference component of user 1, as subtraction of the 
rephca signal corresponding to user 1 from the input signal vector is 
inhibited in the interference removing unit ICii. Therefore, interference 



- 33- 



removing unit IC21 newly performs removal of the interference wave 
component of user 1, based on the input signal vector X2i(t) from which the 
interference wave component has been already removed for the error-free 
users. The operation of interference removing unit IC21 is as already 
5 described with reference to Fig. 9. 

The user signal Y2i(t) and the error determination signal E21 
representing presence/absence of a demodulation error at the interference 
removing unit IC21 output from the first stage interference removing unit 
IC21 corresponding to user 1 are applied through gate unit GF21 to the input 

10 of gate unit GE (not shown) of the interference canceller of the next stage. 
Dependent on the presence/absence of the error at the preceding stage 
interference removing unit ICii, the input signal vector X22(t) newly 
calculated by interference removing unit IC21 or the input signal vector 
X2i(t) directly output from the preceding stage interference removing unit 

15 ICim through gate unit GE21 is applied to the gate unit GE22 of the 

succeeding stage. The input signal vector X22(t) is applied to interference 
removing unit IC22 or further passed to the next stage through gate unit 
GG22 without passing through interference removing unit IC22, depending 
on presence/absence of the error at the interference removing unit IC12. 

20 The configuration and the operation of the second stage 

corresponding to user 2 are the same as the configuration and the operation 
of the first stage corresponding to user 1 described above. 

Thus, according to the third embodiment of the present invention, an 
interference canceller is formed by m stages of interference removing units 

25 corresponding to users 1 to m connected in series in the longitudinal 

direction and a pluraHty of stage of such carriers are provided in the lateral 
direction, so that the interference wave component can further be removed. 
[Fourth Embodiment] 

Fig. 10 is a block diagram representing the reception system for the 
30 PDMA base station in accordance with the fourth embodiment of the 

present invention. The configuration of the reception system shown in Fig. 
10 is the same as the reception system in accordance with the first 
embodiment shown in Fig. 3, except for the following points. 
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In the first embodiment shown in Fig. 3, the user signal that is a 
complex signal output from the re-modulator (Fig. 4) included in each 
interference removing unit IC is appHed only to the parameter estimator 
(Fig. 4) included in that interference removing unit, and not applied to the 
parameter estimators of the interference removing units of other users. In 
the fourth embodiment shown in Fig. 10, the user signal output from the 
re-modulator of the interference removing unit of each user is appHed not 
only to the user of interest but also to the parameter estimators of 
interference removing units of all other users. 

As described with reference to the reception system as a basic 
concept for the present invention shown in Fig. 1, when the reception signal 
coefficient vector is estimated without taking into consideration the 
correlation value between the user signal of a user of interest and the user 
signals of other users (assuming that the correlation value is 0), it may 
cause an error in the output signal. 

In the fourth embodiment shown in Fig. 10, the reception signal 
coefficient vector of each user is estimated, taking into consideration the 
correlation value among a plurality of user signals. The method of 
calculation will be described in the following. 

For example, it is assumed that the reception signal Xi(t) is defined 
in the following manner, by the signals Yii(t), Y2i(t), Y3i(t), Y4i(t) of four 
users and the reception signal coefficient vectors Hu, H21, H31 and H41. 

Xi(t) = (Hu * Yii(t)) + (H21 * Y2i(t)) + (Hsi * Y3i(t)) + (H41 * Y4i(t)) 

+ n - (11) 

where n represents a noise component. 

Here, when an ensemble average between the user signal Yii(t) of 
user 1 and a reception signal Xi(t) is calculated, the equation (11) can be 
developed in the following manner. Here, " * " as a suffix represents a 
complex conjugate. 

E[Xi(t) * Yii*(t)] 

= Hn * E[Yii(t) * Yii*(t)] + H21 * E[Y2i(t) ^ Yii*(t)] + H31 * E[Y3i(t) 
* Yu*(t)] + H41 * E[Y4i(t) * Yii*(t)] + E[n * Yii*(t)] - (12) 

Here, E[Yii(t) * Yii*(t)] = 1, [n * Yii*(t)] = 0, and therefore, equation 
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(12) can be represented as 
E[Xi(t) * Yu*(t)] 

= Hii + H21 * E[Y2i(t) * Yii*(t)] + H31 * E[Y3i(t) * Yii*(t)] + H4i * 
E[Y4i(t) * Yu*(t)] - (13) 

In the reception system as a basic concept for the present invention 
shown in Figs. 1 and 2, the correlation values E[Y2i(t) * Yu*(t)], E[Y3i(t) * 
Yii*(t)] and E[Y4i(t) * Yii*(t)] among the user signals, which are correlated 
in the actual propagation environment, have been assumed to 0. 
Therefore, the resulting value E[Xi(t) * Yii*(t)] = Hn includes an error. 
In the fourth embodiment, the correlation values among the users 
(ensemble average) are actually calculated, and then, the reception signal 
coefficient vectors Hn, H21, H31 and H41 are calculated. The following 
calculation is executed by parameter estimators PEu, PEki, PEmi at 
the interference removing units ICn, ICki, ICmi of the preceding 
stage, for example. 

More specifically, when the reception signal coefficient vectors Hn, 
H21, H31 and H41 are considered as unknown numbers, simultaneous 
equations including four equations are necessary to calculate these values. 
Therefore, in addition to the aforementioned value E[Xi(t) * Yn*(t)], three 
ensemble averages, that is, EpCi(t) * Y2i*(t)], E[Xi(t) * Y3i*(t)] andE[Xi(t) 
* Y4i*(t)l are actually calculated. 

By actually calculating individual correlation values (ensemble 
averages) between the user signals and inputting as substitution to the 
result of development of the aforementioned three ensemble averages, 
simultaneous equations where unknown numbers are Hn, H21, Hsi and H41 
are obtained. By solving the equations, it is possible to estimate with high 
precision, the reception signal coefficient vectors Hu, H21, H31 and H41 
which are close to the actual propagation environment. In the interference 
canceller of the next stage, the correlation values among user signals are 
actually calculated in the similar manner and the reception signal 
coefficient vector is estimated. 

In the interference canceller of each stage, even when it is 
determined by the interference removing unit of the preceding stage that 
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there is no error and the replica signal has been already subtracted once, 
the replica signal is again subtracted from the initial input signal vector, 
and hence, in order to improve accuracy of removal, parameter estimators 
PEA12, •••,PEAk2, PEAm2 are provided separately. 
5 Particidarly, in the fourth embodiment, regardless of the result of 

determination as to the demodulation error in the extracted signal by the 
error determining unit, individual correlation value (ensemble average) 
between every user is actually calculated and used. Therefore, it is 
possible that there is a demodulation error for any user. When the 

10 correlation value between a signal with an error and a signal without an 

error is dose to the correlation value of the actual signals (error-free signal 
and error-free signal), however, the reception signal coefficient vector that 
is dose to the actual propagation environment can be estimated. 

As described above, according to the fourth embodiment of the 

15 present invention, the correlation value between user signals that has been 
regarded as 0 is actually calculated, and therefore, a reception signal 
coefficient vector without any error can be estimated. 
[Fifth Embodiment] 

Fig. 11 is a block diagram representing the reception system for the 
20 PDMA base station in accordance with the fifth embodiment of the present 
invention. The configuration of the reception system shown in Fig. 11 is 
the same as that of the reception system in accordance with the fourth 
embodiment shown in Fig. 10, except for the following point. 

More specifically, in addition to the configuration of the fourth 
25 embodiment shown in Fig. 10, in Fig. 11, the system is configured such that 
the error determination signal of the error determining unit of each user is 
apphed to the parameter estimators of the interference removing units of 
all the users. As a result, it becomes possible to determine whether the 
correlation value between signals is to be calculated or not, dependent on 
30 the presence/absence of the demodulation error. 

More specifically, description will be given using the example of the 
fourth embodiment described above. Assume that it is determined that 
there is no demodulation error in the extracted signals of users 1 and 2 
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while there is demodulation error in the extracted signals of users 3 and 4, 
among the four users. As to the signal of the user with an error, the user 
signal is to be newly extracted by the interference canceller of the next 
stage. 

5 Therefore, in the fifth embodiment, only the correlation between the 

signals of users 1 and 2 free of any error is used, and the correlation with 
the signals of users 3 and 4 with errors is regarded as 0. For example, in 
the equation (13), among the correlation values, E[Y3i(t) * Yii*(t)l and 
E[Y4i(t) * Yii*(t)l are regarded as 0. Therefore, the equation (13) can be 

10 represented as follows. 

E[Xi(t) * Yu*(t)]=Hu + H2i* E[Y2i(t) * Yu*(t)] 
In this equation, there are two unknown numbers, that is, Hn and 
H21. Therefore, in addition to the value E[Xi(t) * Yii*(t)], also the value 
E[Xi(t) * Y2i*(t)] is calculated. The correlation value E[Y2i(t) * Yii*(t)] of 

15 users 1 and 2 is calculated and input to development equations of both 
E[Xi(t) * Yii*(t)] andE[Xi(t) * Y2i*(t)], then simultaneous equations in 
which unknown numbers are Hn and H21 are obtained. By solving the 
simultaneous equations, the reception signal coefficient vectors Hn and H21 
can be calcidated with high precision. 

20 Particularly, in the fifth embodiment, the correlation value between 

user signals free of any error is actually calculated and utilized, and 
therefore, a reception signal coefficient vector closer to the actual 
propagation environment can be estimated. 
[Sixth Embodiment] 

25 Fig. 12 is a block diagram representing the reception system for the 

PDMA base station in accordance with the sixth embodiment of the present 
invention. The configuration of the reception system shown in Fig. 12 is 
the same as that of the reception system in accordance with the second 
embodiment shown in Fig. 6, except the following point. 

30 More specifically, in the second embodiment shown in Fig. 6, the 

user signal that is a complex signal output from the re-modulator included 
in each interference removing unit IC is applied only to the parameter 
estimator that is included in that interference removing unit, and not 
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applied to the parameter estimators of interference removing units of other 
users. In the sixth embodiment shown in Fig. 12, similar to the fourth 
embodiment shown in Fig. 10, the user signal output from the re-modulator 
of the interference removing unit of each user is appHed to the parameter 
estimators of the interference removing units of all other users, in addition 
to the user of interest. 

The reception system in accordance with the sixth embodiment 
shown in Fig. 12 differs from the reception system in accordance with the 
fourth embodiment shown in Fig. 10, in the following point. 

In the configuration of the sixth embodiment shown in Fig. 12, the 
repHca signal of the user newly determined to be free of any error is 
subtracted not from the initial input signal vector Xi(t) but from the input 
signal vector calculated by the operating apparatus of the corresponding 
interference canceller. More specifically, subtraction of the repHca signal 
is not repeated for the user that has already been determined to be free of 
any error by the interference canceling unit of the preceding stage, and it 
becomes unnecessary to add parameter estimating units PEA12, PEAk2, 
•", PEAm2 as in the fourth embodiment shown in Fig. 10. 

Rather, gate units GH12, GHk2, GHm2 are provided, which 
select, dependent on presence/absence of an error at the interference 
removing unit of the preceding stage, either the user signal newly 
calculated by the interference removing unit of the corresponding 
interference canceller or the user signal that has been already calculated by 
the interference removing unit of the preceding stage to be an object of 
correlation value calculation. 

As described above, according to the sixth embodiment of the present 
invention, the correlation value between the user signals that has been 
regarded as 0 is actually calculated, and therefore, as in the fourth 
embodiment, it becomes possible to estimate the reception signal coefficient 
vector free of any error. 

[Seventh Embodiment] 

Fig. 13 is a block diagram representing the reception system for the 
PDMA base station in accordance with the seventh embodiment of the 



present invention. The coni&guration of the reception system shown in Fig. 
13 is the same as that of the reception system in accordance with the sixth 
embodiment shown in Fig. 12, except for the following point. 

More specifically, in addition to the configuration of the sixth 
embodiment shown in Fig. 12, in the configuration of Fig. 13, the error 
determination signal of the error determining unit for each user is applied 
to the parameter estimators of the interference removing units of aU the 
users. As a result, dependent on presence/absence of a demodulation error, 
it becomes possible to determine whether the correlation value between 
signals is to be calculated or not. 

Namely, in the seventh embodiment, as in the fifth embodiment, the 
correlation value between user signals that are free of any error is actually 
calculated and utilized, whereby it becomes possible to estimate the 
reception signal coefficient vector closer to the actual propagation 
environment. 

[Eighth Embodiment! 

Fig. 14 is a block diagram representing the reception system for the 
PDMA base station in accordance with the eighth embodiment of the 
present invention. Basically, the reception system in accordance with the 
eighth embodiment corresponds to the configuration of the reception system 
in accordance with the third embodiment shown in Fig. 8, to which the 
technique described with respect to the fourth embodiment shown in Fig. 
10 is appHed. 

More specifically, in the third embodiment shown in Fig. 8, the user 
signal that is a complex signal output from the re-modulator (Fig. 9) 
included in each interference removing unit is applied only to the 
parameter estimator of the corresponding interference removing unit and 
not apphed to the parameter estimators of the interference removing units 
of other users. In the eighth embodiment shown in Fig. 14, the user signal 
output from the re-modulator of each user is applied to the parameter 
estimators of the interference removing units of the users of the next and 
the following stages, in addition to the corresponding user. 

More specifically, in the eighth embodiment shown in Fig. 14, it is 



-40- 



considered that the initial input signal vector Xi(t) is commonly input to 
respective interference removing units IC, and appHed to the positive input 
of adder AD and the parameter estimator PE of each interference 
calculating unit IC, as will be described later. The input signal vector 
output from the raterference removing unit of the preceding stage is 
applied to the adaptive array AA of the corresponding interference 
removing unit (in the interference removing unit ICii of the first stage, the 
initial input signal vector Xi(t) is applied to adaptive array AAn). 

In the interference removing unit ICn of the first stage interference 
canceller, parameter is estimated by applying the user signal Yn(t) 
generated by the corresponding interference removing unit to parameter 
estimator PEik as shown in Fig. 9, and user signals of other users are not 
used. 

In the interference removing unit IC12 of the succeeding stage, 
however, in addition to the user signal Yi2(t) generated by the 
corresponding interference removing unit, the user signal Yii(t) generated 
by the interference removing unit ICii of the preceding stage is also used 
for parameter estimation. 

Similarly, the interference removing unit of each stage performs 
parameter estimation using, in addition to the user signal generated by 
that interference removing unit, the user signal from the interference 
removing unit preceding to that interference removing unit. 

For example, the interference removing unit ICim of the lowest stage 
of the first stage interference canceller performs parameter estimation 
using, in addition to the user signal Yim(t) generated in that interference 
removing unit, the user signals Yii(t), Yi(m-i)(t) generated by the 
interference removing units ICu, ICi(m-i) of the preceding stage. 

Fig. 15 is a block diagram representing a configuration of the 
interference removing unit ICik of the kth stage of the first stage 
interference canceller, as an example of the interference removing unit 
shown in Fig. 14. The interference removing unit shown in Fig. 15 differs 
fcom the interference removing unit shown in Fig. 9 in the following point. 

More specifically, the input signal vector Xik(t) output firom the 
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interference removing unit of the preceding stage is applied only to the 
adaptive array AAik, and the initial input signal Xik(t) is applied to the 
input of parameter estimator PEik and the positive input of adder ADik. 
To the parameter estimator PEik, the user signal Yik(t) generated by that 
5 interference removing unit and, in addition, user signals Yn(t), Yi(k_i)(t) 
from interference removing units ICn, ICioj-d of the preceding stage are 
applied, and based on the correlation values among these user signals, 
parameter estimator PEik calculates reception signal coefficient vectors Hu, 
Hi2, -.Hik. 

10 The user signals Yii(t), Yik(t) and the reception signal coefficient 

vectors Hu, Hik are multiplied by corresponding multipliers MPiki, 
MPik2, MPikk, and the results of multiplication are applied to the 
negative inputs of adder ADik through AND gates ANDiki, ANDika, 
ANDikk, respectively. 

15 To the other input of AND gates ANDiki, ANDik2, ANDikk, error 

determination signals En, ■ ■ •, Ei(k-i) from the interference removing units 
ICn, ICi(k-i) of the preceding stages as well as the error determination 
signal Elk generated by the interference removing unit of interest are input, 
respectively, and the AND gate that receives as an input the error 

20 determination signal indicating presence of an error is closed, so that 
subtraction from the rephca signal including the error from the initial 
input signal vector Xi(t) is avoided. 

As a result, an input signal vector Xi(k+i)(t) not including any noise 
component is output from adder ADik, which is appHed to the adaptive 

25 array AAi(k+i) of the interference removing unit ICi(k+i) of the next stage. 

It is understood that the interference removing units IC21, IC22, ••■ of 
the interference cancellers of the second and the following stages have the 
similar configuration. 

In summary, in the examples shown in Figs. 14 and 15, the reception 

30 signal coefficient vectors Hu, H12, Hik, Him of interference removing 
units ICn, ICim are calculated in the following manner. First, the 
initial input signal vector Xi(t) is given by the following equation. 
Xi(t)=HiiYu(t)+ - +HitYik(t)+ - +Hi„.Yi„.(t) 
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In the configuration of the interference canceller of the first stage 
shown in Fig. 14, the user signal Yik(t) can be estimated based on the initial 
iaput signal vector Xi(t) by the interference removing unit IC of each stage. 
Therefore, when an ensemble average between each user signal and the 
5 initial input signal vector Xi(t) is calculated, simultaneous equations for 

calculating the reception signal coeflB.cient vectors Hn, H12, ■ ■ • , Hit, • • • , Him 
can be obtained with the correlation value between the users (ensemble 
average) calculated actually. 

Further, the operation of the interference canceller of the next stage 
10 is basically the same as the operation described with reference to Fig. 8, 
except for the following point. 

More specifically, to the gate unit GE21, user signals Yi2(t), Yim(t) 
and error determination signals E12, Eim are appUed from the 
interference removing units IC12, ICim of the preceding stage, and when 
15 it is determined that there is an error by interference removing unit ICn, 
the user signals Yi2(t), Yim(t) and the error determination signals E12, 

Elm are applied to interference removing unit IC21, among which the 
user signals are used for parameter estimation. 

Next, to the gate unit GE22, user signals Yi3(t), Yiin(t), Y2i(t) and 
20 error determination signals E13, Eim, E21 are applied from interference 
removing units IC13, ICim and IC21 of the preceding stage, and when it is 
determined that there is an error by interference removing unit IC12, the 
user signals Yi3(t), Yim(t), Y2i(t) and the error determination signals E13, 
Elm, E21 are appUed to interference removing unit IC22, among which the 
25 user signals are used for parameter estimation. Thereafter, similar 

operation (parameter estimation) is executed by the interference removing 
unit of each stage of the interference canceller. 

As described above, the reception system in accordance with the 
eighth embodiment shown in Fig. 14 contemplates to calculate the 
30 reception signal coefficient vector of each user, additionally considering the 
correlation values among a plurality of user signals. Therefore, as in the 
reception system in accordance with the fourth embodiment described 
above, by the reception system in accordance with the eighth embodiment, 
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a reception signal coefficient vector closer to that obtained in the actual 
propagation environment can be estimated with high precision. 
[Ninth Embodiment] 

Fig. 16 is a block diagram representing the configuration of the 
5 interference removing unit of the reception system for the PDMA base 
i^i, station in accordance with the ninth embodiment of the present invention. 

O Basically, the reception system in accordance with the ninth embodiment 

lyi has the same overall configuration as the reception system shown in Fig. 14 

fii except for the configuration of the interference removing unit, and it 

10 corresponds to the configuration of the reception system in accordance with 
iji the third embodiment shown in Fig. 8 to which the technique described 

with reference to the fifth embodiment shown in Fig. 11 is appHed. The 
li; interference removing unit shown in Fig. 16 is the same as the interference 

O removing unit in accordance with the eighth embodiment shown in Fig. 15 

|S[ 15 except for the following point. 

W More specifically, in addition to the configuration of the interference 

removing unit in accordance with the eighth embodiment shown in Fig. 15, 
in the ninth embodiment shown in Fig. 16, the error determination signals 
(for example, Eu, Ei(k-i)) of the error determining units of the 
20 interference removing units of the preceding stage are applied to the 

parameter estimating unit of the interference removing unit of the next 
stage. 

In the reception system in accordance with the ninth embodiment 
shown in Fig. 16, whether calculation of the correlation value between the 

25 signals is to be performed or not is determined dependent on the 

presence/absence of a demodulation error. Particularly, in the reception 
system in accordance with the ninth embodiment, the correlation value is 
calculated only between the user signals that are free of any error to be 
used for calculating the reception signal coefficient vector. Thus, as in the 

30 reception system in accordance with the fifth embodiment described above, 
it becomes possible to estimate the reception signal coefficient vector closer 
to the one obtained in the actual propagation environment with high 
precision. 
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[Tenth Embodiment] 

The embodiments shown in Figs. 3 to 16 are directed to the reception 
system for PDMA base station. Recently, CDMA communication method 
has been proposed and comes to be practically used, in addition to the 
5 PDMA communication method. 

In the CDMA communication method, on the transmitting side, the 
transmitted digital data has it symbol multiplied by a prescribed spreading 
code so that it is transmitted as a signal with extremely high frequency, 
and on the receiving side, the received signal is inverse spread using the 
10 spreading code, so as to demodulate the data. 

Here, when a plurality of different spreading codes not having any 
correlation with each other are used, it becomes possible to surely separate 
and extract only the signals of a desired user by performing inverse 
spreading with the spreading code that corresponds to transmission, even 
15 when a plurality of data signals of the same frequency are spread and 

transmitted. Therefore, use of the CDMA communication method enables 
further increase of communication capacity. Such CDMA communication 
method has been already practically used and well known ia the field of art, 
and therefore, detailed description is not given here. 
20 The following embodiment is the application of the radio reception 

system in accordance with the present invention to the CDMA 
communication method. 

Fig. 17 is a block diagram representing the reception system for the 
CDMA base station in accordance with the tenth embodiment of the present 
25 invention. Figs. 18 and 19 are specific block diagrams of the interference 
removing unit and the operating apparatus shown in Fig. 17, respectively. 

The CDMA reception system in accordance with the tenth 
embodiment shown in Figs. 17 to 19 is the same as the PDMA reception 
system in accordance with the first embodiment shown in Figs. 3 to 5, 
30 except for the following points. 

More specifically, the configuration of the interference removing unit 
IC of the reception system in accordance with the first embodiment shown 
in Fig. 3 is changed from that of the first embodiment shown in Fig. 4 to the 
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configuration in accordance with the tenth embodiment shown in Fig. 18. 
In the interference removing unit (as an example, interference removing 
unit ICki') shown in Fig. 18, in a preceding stage of the adaptive array and 
a parameter estimator, there is provided an inverse spreader ISki for 
inverse spreading the signals that have been transmitted in accordance 
with the CDMA communication method and received by antennas 3 to 6. 
Reception signals that have been inverse spread user by user by the inverse 
spreader at respective interference removing units are applied to the 
corresponding adaptive arrays and a parameter estimators, respective user 
signals are extracted through the same operation as in the first 
embodiment described above, and the extracted signals are applied to the 
operating apparatus of the interference canceller of the succeeding stage. 

The operating apparatus 101a of the first stage interference canceller 
shown in Fig. 19 is the same as the operating apparatus 101' shown in Fig. 
5, except that spreaders Su, S(k_i)i, Ski, S(k+i)i, •", Smi, spreading 
outputs of multipHers MPi, MPk-i, MPk, MPk+i, MPm are provided. 

More specifically, in order to perform subtraction from the input 
signal vector Xi(t) that has been spread in accordance with the CDMA 
communication method, the output of each mtdtipHer is spread again by 
the corresponding spreading code. 

Then, the output of each spreader, that is, the output of operating 
apparatus 101a is again inverse spread by the inverse spreader of the 
corresponding interference removing unit of the succeeding stage, and 
applied to the adaptive array and a parameter estimator. 

The operating apparatus 102a of the second stage interference 
canceller has the same configuration as the operating apparatus 101a 
shown in Fig. 19. Other operations are the same as those of the first 
embodiment shown in Figs. 3 to 5. 

[Eleventh Embodiment] 

Fig. 20 is a block diagram representing the reception system for the 
CDMA base station in accordance with the eleventh embodiment of the 
present invention. The eleventh embodiment shown in Fig. 20 is the same 
as the third embodiment shown in Fig. 8 except for the following point. 
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Namely, for the interference removing unit of each stage, an inverse 
spreader for inverse spreading the input signal vector that has been 
transmitted in accordance with the CDMA communication method is 
provided (in the interference removing unit ICik' of Fig. 9, inverse spreader 
5 ISik), in the preceding stage of the corresponding adaptive array and a 

parameter estimator. The input signal vectors inverse spread user by user 
by respective inverse spreaders are appHed to the corresponding adaptive 
arrays and a parameter estimators, and respective user signals are 
extracted by the same operation as the third embodiment described above. 

10 The output of the multiplexer in each interference removing unit is again 
spread by a spreader (in Fig. 9, spreader Sik), so as to perform subtraction 
from the corresponding input signal vector that has been spread by the 
CDMA method. Other operations are the same as those of the third 
embodiment shown in Fig. 8, and therefore, description thereof will not be 

15 repeated. 

Though examples in which the CDMA communication method is 
apphed to the first embodiment shown in Figs. 3 to 5 and to the third 
embodiment shown in Figs. 8 and 9 have been described as the tenth and 
eleventh embodiments, it is needless to say that the CDMA communication 

20 method can similarly be applied to the reception systems disclosed as other 
embodiments, though not shown. 

Fig. 21 is a block diagram representing an example of the adaptive 
array used in the reception system in each of the above described 
embodiments. 

25 Referring to Fig. 21, each adaptive array is provided with input ports 

181 to 184, to which input ports input signals from four antennas 3 to 6 
that have been AID converted by A/D converter 8 are input, respectively. 
The input signals are applied to a weight vector calculator 176 and 
multipHers 171 to 174. 

30 Weight vector calculator 176 calculates weight vectors wl to w4 so 

that a desired user signal is extracted, using the input signals from input 
ports 181 to 184 and a training signal corresponding to a specific user 
signal stored in advance in a memory 177 or an output of adder 175. 



-47- 



Multipliers 171 to 174 multiply tlie input signals of input ports 181 
to 184 by the weight vectors wl to w4, respectively, and provide the results 
to adder 175. Adder 175 adds respective output signals from multipliers 
171 to 174, applies the resulting desired user signal to weight vector 
5 calculator 176 and outputs from an output port. 

The first to eleventh embodiments described above are configured 
such that data re-modulated by a re-modulator is applied to the operating 
apparatus or the Uke. The output of the adaptive array and the re- 
modulated data can be essentially regarded as the data of the same 
10 contents, and therefore, similar effects can be attained even when an 

output data of adaptive array is input to the operating apparatus or the 
hke. 

In each of the above described embodiments, the reception system is 
implemented by a hardware configuration in which plural stages of 
15 interference cancellers are connected. These reception systems as a whole 
may be implemented by a software, using a digital signal processor (DSP). 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
20 scope of the present invention being limited only by the terms of the 
appended claims. 

As described above, according to the present invention, an 
interfering user signal component extracted by the signal extracting means 
corresponding to the user is removed from the input signal vector by the 
25 interference removing means, whereby the desired user signal component 
can be extracted with the interfering component much suppressed, and 
hence communication quality in a radio communication system such as 
mobile communication system can be improved. 

Further, a user signal which is determined to have a demodulation 
30 error is excluded from the subtraction of the interfering wave component, 
and therefore, noise is not included in the output signal from the 
interference canceller. 

Further, when estimating the reception signal coefficient vector, a 
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correlation value between the signal component of a user of interest and 
the signal component of other user is actually calculated, and estimation is 
performed based on the result. Therefore, a reception signal coefficient 
vector closer to the one obtained in the actual propagation environment can 
be obtained, and thus it becomes possible to remove the interfering wave 
with higher precision. 

Industrial Applicability 

As described above, the radio reception system in accordance with 
the present invention is applicable to improve communication quality by 
removing unnecessary user signal among signals received by a mobile 
terminal appeiratus, in a base station of a mobile communication system 
such as PDMA or CDMA. 
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